2403 C 15th Avenue South
Birmingham, Alabama 35205
April 12, 1977

Dr. Donald Fredrickson
Director

National Institutes of Health
Bethesda, Maryland 20014

Dear Don,

I have read with interest the interim report of the Federal Interagency
Committee on Recombinant DNA Research: Suggested Elements for Legislation. I
found the document informative and was partially reassured to find that the
suggested elements for legislation were more reasonable than some of the
provisions contained in legislative bills previously introduced into the
Senate and House. I am, however, extremely concerned that, based on fear,
ignorance and misinformation, we are about to embark on over-regulation of
an area of science and scientific activities. This letter is written to
indicate my assessment of the risks associated with recombinant DNA activities
and to suggest what I consider to be reasonable provisions in legislation
which may be necessary to regulate research on and use of recombinant DNA.
Although I have not included literature citations for the information con-

tained in this letter, I will provide this on any point if that would be
helpful.

Three years ago in August, 1974 after reading the Berg et al. letter in
Science and Nature, I drafted an open letter to the authors which was also sent
to over one thousand scientists here and abroad. 1In that letter I enumerated
various factors that I thought had not been given sufficient attention by the
Berg et al. committee and suggested a voluntary cessation of essentially all
recombinant DNA research until "potential biochazards can be assessed and means
to cope with them established". My beliefs then, later at the Asilomar Con-
ference and as a member of the NIH Recombinant DNA Molecule Program
Advisory Committee, have been conservative, which I believe to have been
a responsible position until such time as more information was available
about the likelihood for manifestation of potential biohazards. Since
August, 1974 I have taken four actions, some of which have caused me to
become far less apprehensive about recombinant DNA molecule research. First,
since I had just initiated attempts to construct recombinant DNA, I decided
to cease and have not yet resumed such research. Second, I conceived of pos~
sible means for manipulating Escherichia coli K-12 to make it safer for
recombinant DNA research, an idea that was put forth in the report written
and submitted by Novick, Clowes, Cohen, Falkow and myself at Asilomar, and
then following Asilomar undertook, with the help of all of my laboratory
colleagues, the design, construction and testing of safer, more useful
strains of E. coli K-12 for recombinant DNA research. Third, I initiated an
intense but intermittent education of myself with regard to all aspects of
recombinant DNA research and all areas of knowledge necessary to assess the
potential biohazards of such research. I did this by reading and by talking to
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colleagues expert in the areas of sanitary engineering, public health, in-
fectious diseases, gastroenterology, oncology, virology, genetics, etc.
Fourth, upon finding that certain information was not available, my col-
leagues and I have initiated experiments to obtain data that would allow a
better assessment of the likelihood for manifestation of potential biohazards.

Much of the criticism and fear of recombinant DNA research has centered
around the use of E. coli as a host for recombinant DNA. This species is
comprised of thousands of different types, each with unique sets of attributes.
Most strains of E. coli are relatively harmless commensals occupying the
large intestines of warm-blooded animals. Some strains, however, have the
capacity to occupy the small intestine and cause diarrheal disease, whereas
others are often associated with infections of the urinary tract. A still
smaller number of strains have the capacity, usually in individuals compro-
mised by surgery, organ transplantation or diseases such as cancer, to invade
healthy tissues and to multiply in the circulatory system. A still different
group of E. coli strains includes those obtained from animal feces or sewage aeshe
that have been maintained in the laboratory for many years. Many of these dﬁ;m»
latter strains have become rather well adapted to the laboratory environment
and have gradually lost the genetic attributes necessary to occupy the in-
testinal habitat and/or to cause disease. One such E. coli strain, designated
K-12, was obtained from a human patient at Stanford University in 1922 and the
NIH Guidelines stipulate that it is the only strain of E. coli into which
foreign genetic information may be introduced. In considering the likelihood
for the manifestation of a biohazardous condition during a recombinant DNA
experiment, one must therefore consider the inherent potential of E. coli
K~12 to exhibit pathogenicity (herein defined as causing disease or interfer-
ing with normal physiological activity) or to transmit recombinant DNA to
some other microorganism encountered in nature that could exhibit pathogen-
icity. Pathogenicity requires that a microorganism colonize a given
ecological niche within an "infected" individual and then manifest some
virulence trait so as to overcome normal host defenses or interfere with
normal physiological function. Sustained exhibition of pathogenicity of
an epidemic nature also requires that a microorganism be communicable and sur-
vive long enough to be passed from one individual to another.

[78

It has often been reported that E. coli K-12 is unable to colonize (per-
sist for 7 or more days) in the large intestine when fed in large quantities
to healthy, well-nourished mice, rats, chickens, pigs, calves and humans but
that some E. coli K-12 cells can survive passage through the intestinal tract.
Not much has been mentioned, however, as to why this is so, despite the fact
that both published and unpublished information are available to provide
a basic understanding of this observatlon. Normal strains of E. coli
that inhabit the large bowel are "smooth'" because they produce llpopolysac-
charide (LPS) with carbohydrate side chains that are characteristic for any
given strain and often have capsular surface antigens (composed of
polysaccharides and/or proteins) which may further facilitate colonization.
E. coli K-12 is defective in the production of LPS side chains because
of defects in at least two genes that are located at w1dely separated
regions of its chromosome; consequently it displays a "rough' phenotype.

One of these defects in K-12's LPS genes appears to be a deletion (S. Falkow,
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personal communication) and therefore could not revert back to the wild-type
state. Attempts to convert K-12 to a smooth phenotype by mating it under op-
timal laboratory conditions with smooth E. coli, Salmonella and Shigella
donor strains have generally been unsuccessful. One exception is the
ability to transfer genes to K-12 for the expression of the 08 LPS side
chain antigen. These successful experiments, however, required the use of
donors termed Hfr that efficiently transfer large segments of chromosome and
are constructed in the laboratory; such donor types have never been

isolated from nature. E. coli K-12 also does not make any capsular

antigen, although under adverse conditions certain strains can produce

the capsular polysaccharide colanic acid, which is not known to facilitate
colonization by enteric bacterial strains that produce it. Colonization

of the small intestine by enteropathogenic strains of E. coli is often fac-
ilitated by the presence of plasmids that specify protein surface antigens.
Smith and Linggood have observed that the K88 plasmid present in most E.

coli strains pathogenic for young pigs does not permit E. coli K-12 to
colonize the pig intestine although the E. coli K-12 K88% strain tends

to persist in the intestine somewhat longer than E. coli K-12 K88~ strains.
Similar findings have been made by Gyles, Falkow and their colleagues

for K~-12 strains possessing the K99 plasmid that specifies a protein

surface antigen that allows enteropathogenic strains of E. coli to

establish in the small intestine of calves. Shipley and Falkow have

found that such K~12 derivatives produce large amounts of the K99 surface
antigen, but the antigen does not readily adhere to the bacterial cell
surface, presumably because of K-12's LPS defects, and is liberated into the
culture medium. It thus seems highly unlikely (although not impossible) that
one could introduce appropriate genetic information into an E. coli K-12
strain by a recombinant DNA experiment that would permit colonization of
healthy, well-nourished individuals when the K-12 strains are already
defective because of several mutational defects. For sake of completeness,
it should be noted that E. coli K~12 can, of course, colonize gnotobiotic
mice that lack a competing intestinal flora but is quickly eliminated

when the mice are fed smooth E. coli strains of mouse origin. There is

also a recent report that E. coli K-12 can colonize sheep that have been
fasted for a day prior to ingesting the E. coli K-12 cells. In general,
these studies imply that E. coli K-12 would colonize the intestinal

tracts of individuals whose normal intestinal flora had been disturbed due to
disease, fasting and/or recent prior antibiotic therapy. Although the NIH
Guidelines stipulate that individuals in these categories not engage in
recombinant DNA research, there is always the possibility of forgetfulness

or an error in judgment that would expose such individuals to E. coli K-12
cells containing recombinant DNA. However, there is another safety feature
in the use of EKl hosts that has been overlooked during the recombinant DNA
research debate. Most EKl hosts currently in use are auxotrophs, having
requirements for amino acids and frequently for thymine (or thymidine).

Many of the strains are also recombination deficient. H. W. Smith and
ourselves have both shown that thymine-requiring K-12 strains survive less
well during passage through the intestinal tracts of humans and rats, respec-
tively, than do strains that do not require thymine. We have also shown

that recombination-deficient strains survive less well during passage through





































